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Abstract 
In this paper, we clarify the relationship between strain and SAW. A SAW can be excited on a piezoelectric 
substrate using an IDT and its propagation characteristics are easily affected by external physical, such as stretching 
and bending. External force applied to PCB substrate bonded to a piezoelectric substrate induces strain at the 
substrate surface, which causes changes in the elastic constant and density of the substrate and hence the propagation 
velocity of the SAW. A strain sensor can be constructed based on detection of the SH wave mode. In strain 
measurement, the propagation velocity of the SAW was found to vary in linear proportion to the strain applied to the 
propagation path. When compared with other SAW based strain sensor, this sensor has about 30% higher sensitivity. 
This sensor was demonstrated experimentally to be very effective for strain. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Strain-stress relationships can determine very important physical quantities in engineering, such as 
axial force, bending moment, torque, pressure, acceleration, and temperature. The traditional way to 
measure strain is using a resistance strain gauge, which is mainly structured to measure unidirectional 
strains. However, as is the case when measuring stress, rosette analysis is required when measuring 
strains on a plane. Rosette analysis requires multiple elements to be positioned together at a single 
location and used simultaneously. Consequently there a large number of elements and accordingly a large 
number of ealectrical supply lines, making the measurement process very complex [1-2]. Some research 
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groups have experimented with such SAW based strain sensor. However, they suffer from low sensitivity 
[3]. 
2. Operation principle and result 
          
      (a)              (b) 
Fig. 1. Entire views of the SAW strain sensor (a) in the case of stretching (b) in the case of bending 
In this paper, we clarify the relationship between changes in the propagation path length of a SAW and 
change in frequency of SAW strain sensor. SAW strain sensor system consists of SAW sensors, PCB 
substrate and bonding material (Loctite 401). Of several strain, the stretching (fig. 1(a)) and bending (fig. 
1(b)) was applied. External force applied to PCB substrate bonded to a piezoelectric substrate induces 
strain at the substrate surface, which causes changes in the elastic constant and density of the substrate 
and hence the propagation velocity of the SAW. The change in the velocity of the SAW result in a 
frequency shift of the sensor and by measuring a frequency shift, we can extract the strain induced by the 
external force. A 41° YX LiNbO3 was used because it has a Leaky shear horizontal (SH) wave 
propagation mode and a high electromechanical coupling coefficient (K2=17.2%). SH wave mode is more 
sensitive to strain than Rayleigh wave mode because of its particle displacement components in only the 
direction perpendicular to the propagation direction and parallel to the surface.  
A general type of IDT has an important limitation that arises because of the reflection of the wave. An 
unwanted reflected wave reaches the output after three transits of the devices, generating a triple-transit 
signal (TTS). In most devices, ripples must be well controlled, and this implies that the TTS must be 
minimized. Of several different types of IDT structures, split IDT structure was employed because of its 
signal stability 
In the case of the stretching, SAW sensor was designed with 92 MHz operation frequency. However, 
in the case of the bending, SAW sensor was designed with 168 MHz operation frequency because of 
tensile tester. Coupling of modes (COM) modelling was conducted to determine the optimal device 
parameters prior to fabrication. 
               
(a)
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(b) 
Fig. 2. Optical images of the fabricated device  (a) in the case of stretching (b) in the case of bending 
Figure 2 shows optical images of total image of SAW strain sensor. The total size of the PCB substrate 
and SAW sensor are 6.0 x 2.6 cm2 and 2.0 x 1.6 cm2, respectively. 
(a) 
(b)
Fig. 3. Experimental testing setup for the developed sensor (a) in the case of stretching (b) in the case of bending 
Fig. 4. Measured output frequency under various strain in the case of stretching 
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The SAW sensor was stretched by hand-made tensile tester (Figure 3) that can afford to control the 
velocity and displacement, and measured by network analyzer. When the SAW sensor is subjected to a 
stretching force, velocity of SAW is decreased by induced strain. Thus, frequency of sensor is decrease as 
shown in figure 4. The sensitivity variation depending on the IDT structure was evaluated. As shown in 
figure 4(b) split IDT structure was ~ 15 % higher than that of another structure, because Split IDT 
structure has low insertion loss and good stability. The sensitivity and linearity of the SAW strain sensor 
in the case of Split IDT were measured to be 26.2 kHz / % and 0.97, respectively.
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Fig. 5. Measured output frequency under various strain in the case of bending (a) in the case of stretching (b) in the case of 
bending 
When the SAW sensor is subjected to a bending force, velocity of SAW is decreased by induced strain. 
Thus, frequency of sensor is decrease as shown in figure 5(a). The sensitivity and linearity of the SAW 
strain sensor in the case of Split IDT were measured to be 35.2 kHz / % and 0.98, respectively. When 
compared with the stretching force, the bending force has more sensitive to SAW. In the case of 
stretching, force is divided in the entire region. On the other hand, force is concentrated in particular areas 
in the case of bending. Thus, SAW is more sensitive to bending force. 
3. Conclusion 
In this paper, we clarify the relationship between strain and SAW. A SAW can be excited on a 
piezoelectric substrate using an IDT and its propagation characteristics are easily affected by external 
physical, such as stretching and bending. 
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